Abstract-Text-to-speech (TTS) synthesis is a rapidly growing field of research. Speech synthesis systems are applicable to several areas such as robotics, education and embedded systems. The implementation of such TTS system increases the correctness and efficiency of an application. Though Bangla is the seventh most spoken language all over the world, uses of TTS system in applications are difficult to find for Bangla language because of lacking simplicity and lightweightness in TTS systems. Therefore, in this paper, we propose a simple and lightweight TTS system for Bangla language. We converted Bangla text to Romanized text based on Bangla graphemes set and by developing a bunch of romanization rules. Besides, an xml-based data representation is developed as a feature of the system. It gives the flexibility to modify the data representation, parsing data and create speech based on one's own dialect. Our proposed system is very lightweight which takes less processing time and produces a good understandable speech.
I. INTRODUCTION
Software systems have become an inevitable part of our daily life. Nowadays, the usage of software is tremendously increasing day by day. With the demand for different kinds of software systems, text-to-speech (TTS) synthesis system has come forward. There are hundreds of areas where TTS systems are very much important such as robotics, warning system, alarm system, email reading, human-computer interaction and especially for people with visual impairment and dyslexia. Considering the necessity of such systems, many popular technological organizations such as Mattel, SAM, Atari, Apple, Microsoft Windows, Amaga OS, Texas Instruments TI-99/4A offer speech synthesis as a built-in capability [23, 24] .
A TTS system converts natural language text into speech and then, a computer system able to read text aloud. A speech synthesizer converts written text to a phonemic representation and then converts the phonemic representation to waveforms which can be output as sound.
There are several ways to create synthesized speech. Among them, concatenative synthesis and formant synthesis are very popular. Concatenative synthesis is based on concatenating pre-recorded speech of phonemes, diphones, words or phrases. Concatenative synthesis produces the most natural sounding synthesized speech because of its use of pre-recorded data. Formant synthesis makes the timbre of a voice or instrument consistent over a wide range of frequencies and generates artificial, robotic sounding speech.
In this paper, we are using a concatenative synthesis technique to generate natural sounding speech. Bangla is one of the most important Indo-Iranian languages which is the seventh most popular language in the world and spoken by a population that now exceeds 250 million [16] . Bangla is the primary spoken language in Bangladesh and the second most spoken language in India [4] . Several researches were conducted in Bangla speech synthesis but these are not enough to build a complete TTS system. Sometimes a large lexicon is necessary to design a TTS system which needs long processing time [6] . Bangla language has 50 alphabets and the English language has 26 alphabets, which is almost half of Bangla alphabets. Taking this into concern, we translated Bangla text to English to reduce the processing time and to be able to use the existing English phone set to generate Bangla speech.
There is some text to speech synthesis engines available nowadays. Among them, festival is an opensource extremely flexible concatenative TTS engine which uses diphones or other units to generate synthesized speech [21, 25] . It uses Bangla lexicon to produce Bangla speech [1, 6] . Festival is a large system with slow compilation process and high runtime memory Copyright © 2019 MECS I.J. Information Engineering and Electronic Business, 2019, 2, 1-9 requirement [2, 22] . Flite is another speech synthesizer which considers the size and performance on embedded platforms that reduces its flexibility [7] . Considering the performance issue and flexibility, another speech synthesizer FreeTTS is developed based on the two speech synthesizers. FreeTTS uses algorithms of Flite and the architecture of Festival. It is found that FreeTTS runs two to three times faster than Flite [7] . This paper presents a Bangla text-to-speech synthesis system which is flexible, needs small processing time and produces a good understandable speech. Besides, we developed an intermediate XML based data representation feature which will help users to create speech based on their own dialect. It reduces to know the technical details to synthesize speech. To the best of our knowledge, ours is the first work on synthesizing Bangla speech using English diphone set that reduces the processing time for synthesization.
The rest of the paper is organized as follows: section II presents several existing works regarding text to speech synthesis system. Section III presents the proposed approach of text-to-speech synthesis system. Section IV discusses the experimental results. Finally, conclusions of this work and suggestions for future work are summarized in section V.
II. BACKGROUND STUDY
Developing a text-to-speech synthesis system is a challenging task. There are many stages such as text normalization, text-to-phonemes conversion, prosodic emotional content detection, and speech synthesis are needed to accomplish to develop a complete TTS system.
Plenty of research works have already been proposed in Speech synthesis for different languages. Some early researchers tried to build machines to emulate human speech, long before the invention of electronic signal processing. In 1779 speech synthesis has come under the light when models of the human vocal tract were built that could produce the five vowel sounds ( A pitch synchronous waveform processing technique for text-to-speech synthesis using diphones was presented in [19] . In this paper, several algorithms were reviewed in a common framework to improve the voice quality of a text-to-speech synthesis system. The framework was developed based on acoustical units concatenation technique [19, 20] . A German text-to-speech synthesis system, MARY was proposed by Schröder, Marc, and Trouvain [17] . The systems main features are a modular design and an XML-based internal data representation. It allowed the user to access and modify the intermediate processing steps without having a technical understanding of the system. Though research in text to speech synthesization for western languages has reached in a good position but for Bangla language that is very few such as [1, 10, 11, 14] .
The work reported in F. Alam et al. developed a speech synthesizer for Bangla language [1, 6] . This system is developed using diphone concatenation approach. It needs a lexicon with its pronunciation to produce speech. The lexicon contains ninety-three thousand entries [6] . The proposed system creates voice data for festival and additionally extends festival using its embedded scheme scripting interface to incorporate Bangla language support. It translates Bangla unicode text to ASCII according to Bangla phone set. However, there is no description of how the transliteration process works. Moreover, there is no description about letter-to-sound (LTS) rules developed for words that are absent in the lexicon.
Concatenative speech synthesis system based on Epoch Synchronous Non OverLap Add (ESNOLA) technique for Bangla text to speech synthesis is discussed in [10, 11] . The ESNOLA algorithm is developed for concatenation, regeneration as well as for pitch and duration modification. Preprocessing module creates partnames database from the pre-recorded natural speech signals, text analysis module accepts input text and generates phoneme string and stress marker and synthesizer module generates speech through combining the slices of prerecorded speech.
PDF text to speech conversion process is discussed in [9] where other tried to analysis sentiment from Bangla text [3] . PDF represents different types of data as objects such as text object, image object and multimedia object [9] . The pdf to unicode text conversion process extracts texts from pdf objects and unicode text to speech conversion process produces speech.
Every language has standard and non-standard words. To generate speech all the non-standard words should be converted to their correct pronounceable form. There are several ways to identify and normalize non-standard words. Some researchers have identified several semiotic classes like text normalization [12, 13] . Regular expressions were written in .jflex format to recognize each semiotic class. And a set of rules were used for tokenization and verbalization. Another approach used decision tree and decision list for disambiguation [14] . Though some works have been done in this domain, but still there are some problems which need to be accomplished to get a good quality sound.
III. METHODOLOGY
To synthesize speech from text, we proposed a text-tospeech synthesis system for Bangla language. The overall architecture of the proposed system is given in Figure 1 where we have normalized, tokenized, romanized and synthesized the input text. 
IV. TEXT NORMALIZATION
A text document contains not only full words but also various other language units such as numbers, dates, symbols, and currency. While speech can be synthesized from full words directly (subsection III), all the other language units must be first consistently expanded into full words before they get synthesized. The language unit conversion process which takes place internally is called text normalization. Table 1 contains the list of language units along with their expanded format. In the following subsections, the normalization process of some language units is discussed.
A. Number normalization
Number is a mathematical notation to count, measure or label. Bangla numerals system has ten digits: ০, ১, ২, ৩, ৪, ৫, ৬, ৭, ৮, ৯ like Hindu-Arabic numeral system [15] . There are hundred numerals started from zero (0) to ninety-nine (99) (table 2). For numbers above 99 there are five main systems for naming numbers in Bangla (table 3) .
If a text has only digits (০-৯) or digits separated by a comma (","), then it will be recognized as a number. After identifying the language unit as a digit, the following procedure converts a number to its pronounceable form.
Firstly, Bangla number is converted to the English
number. This process works by replacing Bangla digits to the corresponding English digits. And, the relationship between Bangla and English digits is:
2. After converting a number from Bangla to English, it is checked if the number is less than "১০০" (100). If the number is less than all number units, then the number's corresponding pronounceable form is taken from Bangla numerals (table 2) . But, if the number is greater or equal to a number unit (descending order), the number is divided by that unit and the quotient and remainder is calculated. 3. The calculated quotient and remainder are checked whether it is zero or not. If quotient or remainder is not equal to zero, it is passed again to process 2. And the units Bangla pronounceable form is added to the pronounceable text.
For example, "১০০৩৩২" is a Bangla number and converted to English number 100332. 100332 is greater than number unit 100000. Therefore, 100332 is divided by 100000 and the remainder is 332 and quotient is 1. The quotient is not equal to zero and less than 100, therefore, the pronounceable form now is "এক লক্ষ" (one hundred thousand) (quotient + units pronounceable form). However, the remainder is greater than unit 100. Therefore, the remainder is divided by 100 and again the quotient 3 and remainder 32 is calculated. Now, both are less than 100, therefore the pronounceable form of the quotient is "তিন শি" (3 hundred) and the remainder is "বত্র িশ" (thirty-two). Finally, "১০০৩৩২" will be pronounced to "এক লক্ষ তিনশি বত্র িশ ".
B. Date normalization
According to the national and official Calendar of Bangladesh, the date format is "দদ-মম-বববব" (dd-mmyyyy). A text is identified as a date unit, if it contains a one to thirty-one, following a separator and a one-or twodigit number denoting a month ranged from one to twelve with the same separator and a two-or four-digit number denoting a year. People also use some other types of date formats like "Day number -month name -year" for example "২ জু লাই ২০১৭" (2 July 2017). These types of dates can be one-or two-digit number denoting a day ranged from identified if the text contains a one-or twodigit number, a separator, a text denoting the month and a four-digit number denoting the year sequentially. After identifying the date, we have converted it to its pronounceable format. We have separated the date unit as day, month and year.
The day is expanded using the number normalization algorithm. Bangla calendar has twelve months in a year like English calendar system. If the month is a text like "জু লাই" (July) The last two digits make a group and the rest digits make another group and the word "মশা" (sho) is added to the last group. For example, 1971 will be pronounced as "উতনশখশা একাত্তি" (unissho ekattor). And, if the year is like 10XX or 20XX, it is converted using the number conversion algorithm. For instance, 2012 will be pronounced as "দু ই হাজাি বাি" (two thousand twelve).
C. Currency normalization
The Bangladeshi taka (Bangla: `িাকা') is the currency of People's Republic of Bangladesh and its sign is `৳'. There are two ways to represents currency or amount of money. Firstly, the currency sign `৳' which comes before a number like `৳১০০'. Secondly, when the word "িাকা" (taka) comes after a number like "১০০ িাকা" (100 taka). The currency unit needs to be normalized to the corresponding pronounceable form for both of these situations. The correct pronounceable form of `৳১০০' or "১০০ িাকা" is "এক শি িাকা".
To recognize currency from the text, we have created two currency recognition formats like:
Here, N refers to a number. The number may have a comma (",") to separate special units ("শি, হাজাি, লক্ষ,
মকাটি").
We have used the same algorithm to normalize currency which is used to normalize number. After recognizing a text as a currency unit, we separated the word "িাকা" or the currency sign `৳' and get the number. Then, the number normalization algorithm generates pra onounceable form of that number.
Finally, the word "িাকা" is added after the pronounceable text.
D. Phone number normalization
A telephone number is a sequence of digits assigned to a fixed-line telephone subscriber station connected to a telephone line or to a wireless electronic telephony device such as a radio telephone or a mobile telephone or to other devices for data transmission via the public switched telephone network (PSTN) or other private networks. The subscriber phone number in Bangladesh is a unique 11-digit long number. The country calling code for Bangladesh is +880.
The typical format for a mobile phone number is: "+880-1X-NNNN-NNNN" and typical format for a telephone number is: "+880-96XX-NNNNNN".
For mobile and telephone number, +880 is the a country code, X is operator code and N is subscriber number.
When dialing a Bangladesh number from inside Bangladesh, the format is:
 0 -operator code (X) -subscriber number (N) or  96 -operator code (X) -subscriber number (N) If a text has +880 following 1 or 96 and an eight-digit number, it will be recognized as a phone number. When dialing inside Bangladesh, the country code is not necessary. In that situation, if a text has 1 or 96 following an eight-digit number, it will be identified as a phone number.
Phone number is actually a sequence of digits. After identifying a text as phone number, the digits of that number are replaced with their corresponding pronounceable form.
V. TOKENIZATION
Tokenization is the process of demarcating and possibly classifying sections of a string of input characters. In tokenization, a given character sequence is chopped into pieces called tokens. A token is an instance of a sequence of characters in some particular document that is grouped together as a useful semantic unit for processing. 
Tokens are identified based on the specific rules of the lexer. Some methods used to identify tokens include: regular expressions, specific sequences of characters termed a flag, specific separating characters called delimiters and explicit definition by a dictionary. Special characters, including punctuation characters, are commonly used by lexers to identify tokens because of their natural use in writing. Like English, Hindi and other South Asian language, Bangla language also uses whitespaces to tokenize a sequence of characters into individual tokens.
In this paper, the punctuation characters are used to tokenize sentences and then the sentences are further tokenized to words by a whitespace character.
VI. ROMANIZATION
Romanization is the representation of a script in Latin script. Bangla is a segmental writing system and its graphemes represent the phonemes. Bangla Script has 11 vowel graphemes and 39 consonant graphemes and more than two hundred consonant conjunctions. We have Romanized Bangla script according to Bangla grapheme set. Table 5 shows Bangla graphemes sets for vowel, consonant and consonant conjuncts with their corresponding Romanized from and table 6 shows the romanization process. 
Based on the romanization process, each token is romanized to Latin scripts. We have designed romanization rules based on vowel and consonant combinations. Some of the rules are described below:
1. The vowels are romanized directly according to its corresponding romanized form (table 5) . 2. If a consonant is in the last position of a word, it is replaced according to its romanized form (table 5) .
For example, in the word "বকু ল" (bokul), "ল" is a consonant which is in the last position, so 'l' replaces the letter "ল".
If a consonant is not in the last position of a word
and if there is no vowel after it, 'o' is added along with the consonant. For example, "রহিম" is romanized as "rohim". Here, 'r' is for "ি" and 'o' is added after it to make the pronunciation correct.
4. If the character "া " is found in a word, the letter before and after it is taken into consideration to make a consonant conjunct and then the conjunct is looked in the Bangla alphabets romanization corresponding romanized form replaces it. If it is not found "া " is escaped.
5. If the character "া " is found in the middle of a word, the consonant after "া " is placed in its position. For example, in the word "দু ে" is pronounced as "দু েে" and its romanization form is "Dukkho".
VII. SPEECH SYNTHESIS
Synthesized speech is the ultimate production of a TTS system. The text is converted to phonemes based on the phonemes database. Phoneme is the fundamental unit of sound in a language. Then the prosody analysis analyzes the prosody of the phonemes, words, and sentences to determine the appropriate prosody. The prosody and phonemes information are used to produce audio waveforms of the sentences.
In this paper, to synthesize speech, we have used MBROLA voice [27] . It is a 16 kilohertz (kHz) male voice. After romanization, the text is converted to an interface named FreeTTSSpeakable. The source text that need to be spoken is first converted to it. Then the FreeTTSSpeakable is sent to voice interface which is the central processing point of speech synthesis. It takes FreeTTSSpeakable as input, converts the it into a series of utterances using the MBROLA voice and generates audio output.
VIII. XML DATA REPRESENTATION
Along with speech synthesis system, we have developed an xml-based data representation system depending on the language units. Each language unit is given a specific tag. After tokenization (subsection II), all the tokens are given their corresponding language units tags such as date, time, word and currency. We have used regular expression for the purpose of langauge unit identification. This is an intermediate data representation where users can modify the data representation without knowing the technical details of the system and can generate speech based on their own dialect from the xml.
Besides, users can parse data from the xml data tree (Fig.2) . For example, if a user wants to get all the date, by parsing the xml s/he can get all the date. 
IX. EXPERIMENTAL EVALUATION
To produce output speech, input text is taken from different sources. The sources of input texts are daily newspaper, poem and short stories. We considered the most popular daily newspaper prothom-alo, the famous poem of Bangla literature "কানা বগ ি ছা" and Bangla short story "Chuti" ("ছু টি") [27] , written by the Nobel laureate Rabindranath Tagore. In table 7, the input text along with its corresponding romanized form is shown.
To get the result, we have selected two groups of people. One is graduate students and the other group of people is senior citizens. We let them to hear the produced speech and write down the words they have heard. Moreover, result shows that graduate students are more attentive and understand more words than senior citizens. The result shows that graduate students understand clearly 68% of the produced speech where senior citizens understand 60% of the produced speech (Table 8) . Senior citizens understand less of the produced speech, because of their physiological aging and changes in cognitive ability [26] . Moreover, result also varies based on the sources where the best result is found for poem and the least result is found for short stories. The average accuracy for newspaper, poem and short stories are 67.37, 71.87 and 64.52 for graduate students, and 59.6, 62.5 and 59.6 for senior citizens.
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Copyright © 2019 MECS I.J. Information Engineering and Electronic Business, 2019, 2, 1-9 The produced speech of the system is understandable but has lacking in its naturalness. In this system, we have used MBROLA diphone database, because developing a diphone database for Bangla language itself is a lengthy process. We have produced Bangla speech using existing English diphone database which reduces lots of task to synthesize speech. English language has 26 alphabets and Bangla language has 49 alphabets.
The English diphone database is small considering Bangla diphone set and it reduces the memory requirement of the system.Therefore, we can say that the computation time will be short considering the small diphone set in English language. The result of our proposed system is satisfactory as we have achieved this result with a very lightweight system without creating any new Bangla lexicon or a diphone database.
XI. CONCLUSION AND FUTURE WORK
TTS system has become popular due to its use in various sectors. But Speech synthesis technique for Bangla language is not very satisfactory. This paper introduces a new lightweight TTS system for Bangla language which uses existing English diphone sets to generate Bangla speech. The proposed system produces good quality understandable speech in small processing time. However, the sound quality is not very natural. To generate good quality natural speech, our future focus is to explore other state of the art techniques. 
